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An Esaki diode-resistor logic, powered from a three-phase supply and 
involving or gates, is analyzed. Practical switching times are of the order 
of 10\R~\C. The voltages at which the current maximum and the current 
minimum occur set an upper limit on the achievable logical gain. For a 
sum of fan-in plus fan-out of 3, the margins on key diode and circuit pa- 
rameters must be better than ±2 per cent, with all margins assumed equal. 
The margins can be ±3.5 per cent for a fan-in plus fan-out of 2, which, 
however, restricts the applications to shift registers, flip-flops, and the like. 

I. INTRODUCTION 

Esaki diodes are being considered for high-speed logic due to their 
potentially high switching speeds. Several papers have already ap- 
peared on the use of Esaki diodes in logic systems. 1 ■ 2 - 3 - 46 In such sys- 
tems the bistable V-I characteristic of the diodes is utilized to define 
two logical states ("zero" and "one"). The bias current of the diode, 
together with a trigger current derived from a previous stage, deter- 
mines which of the two states will be attained. If the trigger current 
can be kept small with respect to the output current, logical gain can 
be achieved. This generally requires that the characteristics of the 
diodes be well controlled, since the logical gain will primarily depend 
on the margins of the diodes and of the circuit parameters. Conse- 
quently, the considerations of margins become of prime importance in 
the design of logical systems. 

In this paper, worst-case margin considerations are given for one of 
the simplest types of Esaki diode logic, a diode-resistor logic powered 
from a three-phase supply. 6 In particular, the discussion is restricted 
to the least complicated logical element — an or gate. 

* This work was supported in part by the U.S. Army Signal Corps under con- 
tract DA-36-039 sc-64618. 
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Fig. 1 — Esaki diode-resistor logic. 

First, a general description of the system will be given (Section II), 
followed by a qualitative margin analysis (Section III).* In Section IV 
it is shown that the present system permits only a finite logical gain, 
even for zero margins and infinite switching time. The switching speed 
is analyzed in Section V, followed by the quantitative margin analysis 
(Section VI). The final result of the quantitative margin analysis is 
brought into a form corresponding to the qualitative analysis, which 
permits the reader to follow the discussion (Section VII) and the con- 
clusion (Section VIII) without studying in detail the reasoning in Sec- 
tions V and VI. 



II. ESAKI DIODE-RESISTOR LOGIC 

The basic stage in an Esaki diode-resistor logic consists of a series 
arrangement of a diode and a resistor, R b , with input and output cou- 
pling resistors as shown in Fig. 1. The bias voltage is chosen such that, 
without any voltage at the far ends of the coupling resistors, it gives 
rise to a current through the diode which is below the peak current. 
Consequently, the diode will remain in its low-voltage state. With addi- 
tional current supplied to the center node through one or more input 
(or output) resistors, the diode can be made to switch into the high- 
voltage state. With the bias current only slightly smaller than the peak 
current, very small "trigger" currents are necessary. 

Once the diode is in its high-voltage state it will remain there even 
if current is now withdrawn at the node. It is only necessary that the 
current through the diode remain above the valley current I„ . The 
maximum current that can be withdrawn is, therefore, the difference 
between the bias current and the valley current. The ratio of this out- 
put current to the trigger current constitutes the logical gain. 

* The authors are indebted to J. H. Vogelsong, whose unpublished margin 
studies are incorporated in this section. 
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By proper choice of (he bias current, the current of at least one input 
or the combined current of several inputs is necessary to trigger the 
diode. The diode accordingly can act as an or gate, as an and gate or 
as a threshold gate. The output resistors can be connected to the 
node of a subsequent stage. Similarly, the input resistors are powered 
from nodes at previous stages. The extension of this principle leads to a 
logical network. 

In such a network it is, however, necessary to determine the direc- 
tion in which information will be propagated. One elegant method 
utilizes a three-phase bias supply 6 as depicted in Fig. 2. Adjacent diode 
stages are powered from different phases. Thus a diode on phase a, for 
example, is triggered from a diode on phase c, and it will trigger a di- 
ode on phase b. 

Kven in such a multiphase system "backswitching" can occur. 7 To 
illustrate this, consider the arrangement of Fig. 3. If the stages repre- 
sent or gates, one stage in a high-voltage ("one") condition will trigger 
a following stage. Stages 1 and 2 are powered from phase a, while 
stages 3 and 4 are powered from phase b. Assume that stage 1 is in the 
"one" condition and stage 2 is in the "zero" condition. As soon as 
phase b is applied, stage 3 will assume the "one" condition. Since stage 
3 is coupled to stage 2, it will trigger stage 2 into the "one" condition, 
resulting in an erroneous "one" in stage 4. 

To avoid such backswitching, a system of or gates must be arranged 
in such a way that no multiple input is fed from any stage having a 
multiple output. Logical design then forces the use of "booster" stages, 
e.g., stages with one output driving stages with one input. 
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Fig. 2 — Three-phase bias supply. 
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PHASE C PHASE A PHASE B PHASE C 

Fig. 3 — Logic network of or gates leading to backswitching. 
III. QUALITATIVE MARGIN ANALYSIS 

As pointed out before, the magnitude of the trigger current depends 
on the difference between peak current and bias current. This differ- 
ence can be made small (and therewith the logical gain large) if both 
parameters are tightly controlled. For an or gate the qualitative effect 
of a spread in the parameters on the logical gain can be readily demon- 
strated. 

Assume that the peak currents I p of the devices fall in a range be- 
tween I L and I u , and that the bias currents fall in a range between 
lb min and lb mux • One can then introduce such relative variations as: 



/„ - h 



(1) 



and 



= 



-lb max J- b niin 

Tr, 



(2) 



With a maximum valley current /„ ranx for all devices one can define 
a "valley-to-peak" ratio 

J- v max 



Ir, ' 



(3) 



As pointed out before, for triggering a device, the total current through 
the device must exceed the peak current. It is plausible (and will be 
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discussed in detail in the next section) that an overdrive A7 is necessary 
to ensure switching with the required speed. We thus introduce a rela- 
tive overdrive 



* = r 

u 



(4) 



In a worst-case analysis, it must be ascertained that a stage giving a 
minimum total output current is capable of delivering into each out- 
put stage a trigger current which is at least as big as the trigger current 
required in the worst-case. The logical gain, e.g., the number of stages 
(n) that can be connected to one output can be found by equating the 
minimum current that can be delivered into an output stage (7 0U t min) 
to the worst-case trigger current (7 tr ). Due to the bilateral nature of 
the Esaki diode (output and input are identical), this number is the 
sum of inputs plus outputs ("fan-in" plus "fan-out"). 

For these currents the following normalizations are introduced : 



h 



and 



V = 



(5) 



(6) 



For a qualitative analysis the magnitude of these currents is found 
readily by graphical considerations. 

Fig. 4 shows a voltage-current characteristic of an Esaki diode in- 
cluding variations. Since the maximum bias current must equal the 




Fig. 4 — Qualitative margin analysis. 
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minimum peak current, the entire spread in bias currents (0) must lie 
below the spread in peak currents (r). Since for a unit with the highest 
peak current a minimum overdrive must be assured, 8 must be added to 
the maximum peak current. From Fig. 4 one obtains for the normalized 
trigger current 

r = t + 4- 8, (7) 

and for the total minimum output current 

n-n = 1 - v - 0. (8) 

Equating t and rj gives the logical gain as 

1 - v - 



7T + /3 + 5 



= n. (9) 



An evaluation of this equation will give a first-order estimate of the 
required margins. This analysis, however, neglects the effects of the 
peak and valley voltages, which even for zero margins will limit the 
logical gain under certain conditions as will be shown in the next sec- 
tion. For a full evaluation of the margin equations, the relation be- 
tween relative overdrive 8 and the switching speed must be known. This 
analysis will be given in Section V. The detailed margin analysis in 
Section VI will not only include the variables considered in (9) and the 
effect of the peak and valley voltages, but it also will include the varia- 
tions of these voltages and the variations in the coupling resistors. 

IV. LIMITATIONS DUE TO FINITE VOLTAGE LEVELS 

The diode-resistor logic discussed here has an upper limit in the logi- 
cal gain if stages that are to be driven have a fan-out larger than their 
fan-in. This limitation is determined by the magnitude of the voltages 
for the current peak and for the current minimum, and exists even if 
all error margins and the valley current are zero. 

To demonstrate this effect, consider the extreme case of a stage hav- 
ing one input and (n — 1) outputs. Assume a device characteristic as 
shown in Fig. 5. The magnitude of the bias current is determined by 
the condition that the stage under consideration is not permitted to be 
triggered into the high-voltage condition if none of the stages connected 
to either the input or the output resistor is in the high-voltage condi- 
tion. Due to the bias pulse overlap with the previous and the following 
stages respectively, the far ends of the coupling resistors can vary in 
voltage between zero and V p , the voltage at which the current maxi- 
mum is reached. The coupling resistors whose far ends are at V p will 
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Fig. 5 — Germanium Esaki diode characteristic with load line. 

not shunt any current, and it has to be ascertained that the bias cur- 
rent under no condition will supply a current greater than I p to the 
diode. With only one coupling resistor acting as a shunt, the maximum 
bias current becomes 

h = I P + V P G, (10) 

where G is the conductance of each coupling resistor. 

A stage is to be triggered into the high-voltage condition at a time 
when the output resistors are at ground potential, and the trigger cur- 
rent must increase the current through the diode above the peak cur- 
rent. Since, for the case of one input resistor, (n — 1) resistors act as 
shunts, one obtains for the trigger current 

/u «/„+(»- DGV P - h = (n - 2)GV P . (11) 

It must be possible to supply this trigger current from the output of 
one previous stage which is in the high-voltage condition. The far end 
of this particular coupling resistor thus is at the "valley" voltage V v , 
with the near end at v p . One thus obtains for the output current 

/out = (V v - V P )G. (12) 



Equating Tout and I tT yields 



— r + L 



(13) 



This demonstrates that the sum of fan-in and fan-out for such an 
asymmetrical stage remains finite, even in the case of zero tolerances. 
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V. SWITCHING SPEED 

The speed considerations are based on a diode characteristic as shown 
in Fig. 5, which shows a good but still practical characteristic for a 
germanium diode. The combined conductances of the input and output 
resistors are shown as the load line. It is chosen in such a way that 
while touching the peak point it intercepts the valley. This choice of 
the load line will allow obtaining a maximum current output. 

Assume now that a current of magnitude Iq (> I p ) is applied to the 
parallel combination of diode and load resistance as shown in Fig. 6. 
The capacity represents the diode capacity (plus any shunt capacitors 
in parallel with the diode). Any series inductances have been neglected. 

During a transition from a low-voltage state into a high-voltage state, 
the capacity shunting the diode must be charged. The charging current 
at a given voltage is the difference between the supplied current /<) and 
the sum of the load current and the conductive current through the 
diode at any given voltage. In Fig. 6 this charging current I c can be 
read off as a function of voltage, since it is just the difference between 
the load line and the static characteristic. The time required to go from 
voltage V a to voltage F& is given by 



-/. 



Vb C(V)dV 
a I.(V) 



(14) 



A numerical integration of this equation thus can give the switching 
time between two arbitrary points. For the problem on hand, the 
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Fig. 6 — Capacitance charging current. 
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switching time from a low-voltage state to a high-voltage state is of 

interest. 

Prior to switching, the diode voltage corresponds to the stable point 
(Fig. 5) at low voltage. After switching, the diode voltage corresponds 
to the stable point at high voltage. Switching is accomplished by the 
application of a trigger current which lifts the load line above the di- 
ode characteristic as depicted in Fig. 6. This lifting of the load line 
moves the high-voltage intercept to the right, and the diode voltage 
will approach the voltage corresponding to this intercept. After removal 
of the overdrive, the voltage would then decrease again. Thus, switch- 
ing can be considered as completed when, with applied overdrive, the 
voltage of the stable point prior to the application of the trigger cur- 
rent is reached. 

For the analysis to be independent of the particular bias current, it 
is convenient to consider, as final voltage, the intercept of a load line 
which just touches the peak. For an analytical treatment the following 
two simplifying assumptions will be made : 

i. The voltage dependent capacity C(V) will be replaced by a con- 
stant average capacity C. 

ii. The diode characteristic will be approximated by two parabolic 
sections and a straight section. 

Let a and b (Fig. 7) be the points on the diode characteristic at which 
the slope is equal to that of the load line, and let I A and I B be the charg- 
ing currents at these points. Let c be the point at which one parabolic 
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Fig. 7 — Analysis of the switching time. 
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approximation joins the second approximation and let d be the point 
where the straight section commences. Then the time needed to switch 
from an arbitrary point e in the low-voltage part to the final point F is 
given by 

r f Vc dV T r ° dV _ 

,2 



t = c 



re av p av_ 



(15) 
' v " dV 

~ I TT-TT; 

d i A + do - /,) 



V F - V D _ 



Here the constants describing the curvature of the parabolas are ex- 
pressed in terms of the peak current, and in terms of constants Vi and 
Vi having the dimension of voltages. Such a presentation is convenient 
since the constant Vi is equal to the peak voltage and the constant V 2 
is of the order of magnitude of the difference between valley voltage and 
peak voltage. Note that Vi and Vz depend on the diode characteristic 
only and are independent of the load line. Performing the integration of 
(15) yields 






+ cf 



(10) 



The constants in this equation are denned in Fig. 7. It should be noted 
that I a corresponds to the overdrive (I A = AI) and that 1 A /I p = 
8 as defined in (4). For an evaluation of this equation, the value of the 
capacity C must be known. This capacity, however, can be expressed 
through the characteristic time t = | R~~ \ C, which time is usually con- 
sidered as the figure of merit for an Esaki diode. It is therefore possible 
to express the switching time in terms of the time t . With such a nor- 
malization, the results of the analysis will be fairly general. 

Fig. 8 shows an evaluation of (16) giving the switching times in terms 
of the characteristic time t for switching from zero to the final voltage. 
The assumed value of the load line permits a maximum output current 
while conforming with the margin considerations. Using zero instead of 
a finite voltage as the starting point lengthens r s only insignificantly. 

As can be seen in Fig. 8, the switching behavior can be fairly well 
approximated by 

t 8 /to = 2.25 VUT A = 2.25/V5. (17) 
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Fig. S — .Switching speed. 



VI. QUANTITATIVE MARGIN ANALYSIS 

The qualitative margin analysis of Section III neglected variations of 
the coupling resistors, the effect of the peak and valley voltage, and the 
variations of these voltages. As a simplification in the complete analysis 
it will be assumed that the bias is supplied from a constant current 
source. Under this assumption the total load line of the diode is given 
by the sum of the conductances of the input and output resistors. These 
resistors will terminate at the nodes of adjacent units, and it is necessary 
to include the voltage of these nodes in the analysis. 

As in the qualitative analysis one has to find the current which in the 
worst case will trigger a stage within a desired time. This current must 
equal the minimum current that under worst conditions will be delivered 
into an output resistor. 

6.1 Trigger Current Needed 

The lower the bias current, the larger will be the necessary trigger 
current. The maximum bias current, however, must be low enough that 
the stage under consideration will not assume the high-voltage condition 
unless one driving stage is in such a high-voltage condition. The margin 
of the bias current then determines the difference between the maximum 
and the minimum bias current. 

The characteristics of all diodes in a system will show a spread, and 
will fall between two extreme characteristics, which represent the ac- 
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VOLTAGE — *■ 

Fig. 9 — Spread in characteristics. 

ceptance limits. Such extremes are indicated in Fig. 9. The conductance 
of the iii input resistors and the n output resistors will fall between an 
upper bound of value G u and a lower bound of value G L . 

For the following analysis one determines the point l (Fig. 9) where 
a load line of the lowest total conductance (n,- -f- no) G L is tangent to 
the lower characteristic, and the point u where the load line of largest 
conductance (n* + n ) G v is tangent to the upper curve. The voltages 
and currents corresponding to these points are V v , V L , Iu and I L re- 
spectively. 

In a three-phase system as considered here, only two adjacent units 
will be powered at the same time. Thus one has two extreme conditions 
under which the unit under consideration should not be triggered: 

i. The unit under consideration and the previous unit are powered, 
in which case the far ends of the input resistors may be as high in voltage 
as Vi, while the output resistors are at ground potential and 

ii. The unit under consideration and the following unit are powered, 
in which case the far ends of the output resistors may be as high as V L 
in voltage while the input resistors are at ground. 

The maximum permissible bias current should not switch a unit if it 
has the lowest peak current and if the smallest current is shunted by the 
coupling resistors. This current is given by 

h max = II + n min G L V L , (18) 

where n m \ n represents the minimum of n t - or n . The minimum bias 
current is below the maximum bias current by the spread in bias currents 
Ah 
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h min = lb max — A/& • (19) 

In order to trigger a diode it is necessary that a current of at least 
Iu plus necessary overdrive for speed is delivered to the diode. This 
current will be the sum of the minimum bias current plus the trigger 
current minus the current drained through the input and output re- 
sistors. However, since at least one stage has to supply the trigger cur- 
rent, only ni — 1 input stages can act as a load. Thus one obtains under 
worst-case conditions 

Iu + M = I tr + h min - GuV V m - {Ui - 1) Go (V V ~ Foff minK ■ (20) 

In this equation V 0{i Illln is the minimum off-voltage a unit can assume. 
(It should be realized that the voltage V L discussed previously can be 

considered as V t( max •) 

To bring (20) into normalized form the following quantities are in- 
troduced 

Go — Gl 



P = 



G L - (21) 

(22) 



V v - V h 



to = 



Vv ~ Vott min 



(23) 



7 = 



GlVz. 



V L 
. . (24) 

With these definitions and with the definitions (1), (2), (3), (4) and (5), 
equation (20) combined with (18) and (19) gives for the normalized 
trigger current 
T = T + p + 5 + 7 [(i. + p )(i + o)n - n min + (1 + p)<p(rii - 1)J. (25) 

The term multiplied by 7 involves the additional terms not present in 
the equivalent equation (7) of the qualitative analysis. 

6.2 Output Current Available 

In a three-phase diode system as discussed here, the output current 
must be available while the stage under consideration and the output 
stages are powered. The nodes of the input stages accordingly are at 
zero potential while the output stages are at the peak voltage. Certainly 
the driving stage is in the high-voltage condition and its voltage corre- 
sponds to a voltage V v in the "valley" of the characteristic. 

One thus can represent the situation by a circuit as shown in Fig. 10. 
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Fig. 10 — Derivation of output current. 

The conductances G k represent the coupling resistors and the voltages 
V k fall in the range of the peak voltages. For the analysis it is more con- 
venient to represent the voltages V k and their associated conductances 
as current sources feeding the node. This leads to the representation as 
shown in Fig. 11. Here it must be remembered that V k = for the input 
conductances. From this representation the valley voltage V„ is readily 
obtained as 



V v = 



h + 2V k G k - /„ 



(26) 



If Gj represents one particular coupling resistor to an output stage the 
current into this stage is readily obtained : 

/o„t = //= (V v - Vj)Gj. (27) 

Substituting V v from (26) gives 

h + ZVkGk - Iv - VjLGk 



■1 out — 



This current has a minimum if 



2G* 



Gj. 



(28) 



G = rG„ 



Jl=I b +EG K V K 



>-Vv 







Fig. 11 — Circuit equivalent to Fig. 10. 
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(29) 
Gj = G h and all other G k = G v , 

and if for the output stages 

Vj = V u and all other V k = V L . 

Introducing these conditions into (28) and substituting, one obtains 
in normalized form : 

7][n + (n - l)p] = 1 - v — - t[(1 + p) (1 + <r)ni - n, nin 

(30) 
+ (1 + p)*(n - 1)] . 

Again, this expression has additional terms which are absent in the 
equivalent equation (8) of the qualitative analysis. 

6.3 Logical Gain 

To determine the sum of fan-in plus fan-out, the normalized trigger 
current, (25), must lie set equal to the normalized output current, (30). 
For this it is necessary to consider the particular configuration in which 
stages are interconnected. 

For a given n , the trigger current, (25), will have a maximum if n, = 
1 and n = n — 1. Similarly, the output current, (30), will have a mini- 
mum if n, = n — 1 and ?? = 1. Thus the worst combination of two 
stages Is the case in which a stage with a multiple input and a single 
output drives a stage with a single input and a multiple output. Such a 
combination represents a "booster" stage, which is an important con- 
figuration to avoid backswitching. In the following, the analysis will 
therefore be given for such a combination. At this point it is convenient 
to introduce 

n* = n + (n - I) p. (31) 

For the worst-case combination of stages, (25) and (30) take then the 
form 

r = tv + $ + b + T [(w* - 1)(1 + a) - 1], (25a) 

n* V = 1 - v - 13 - y[(n* - 1)(1 + a) - 1]. (30a) 

Besides the variations of all parameters, these equations involve the 
value of the coupling resistors in the term 7. Since the load impedance 
determines the operating point in the high-voltage condition, one can 
express 7 by this point, i.e., by the valley voltage and the valley current. 
Due to the variations in the load conductances and the bias current, 
this operating point must be defined for a particular combination of 
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these parameters. The combination to be chosen is the one leading to 
the minimum output current. One thus can use (26) to express 7 in 
terms of the valley voltage F„ and the valley current /„ . Introducing 
the condition (29) into (26) (and assuming the particular configuration 
under discussion) gives: 

Jjmin T" VuGl — in 



V. = 



(32) 



(n - \)Go + L ' 

It is plausible (and can be proven readily) that a device characteristic 
leading to an operating point with a higher voltage V v or a lower cur- 
rent I tt results in a higher output current. Thus the operating point as 
defined by (28) is a worst-case condition; such an operating point is 
schematically indicated in Fig. 12. It specifies an area (shaded) which 
must be cleared by the high-voltage branch of all diode characteristics. 

Introducing a normalized valley voltage 

F. 



y = 



V, 



(33) 



and using all previous normalizations permits one to use (32) for the 
elimination of 7 : 

y= /TAr (34) 

n*y - (cr + 2) 

Equating r and rj as given in (25a) and (30a) and using the above 
expression for 7 leads to the final result : 

1 -p-0 [»+ (n - l)p]y - (<r + 2) 



■k + + 8 y - [n + (n - l)p](<r + 1) + T 



(35) 




VOLTAGE — *■ Vy 

Fig. 12 — Significance of valley voltage and valley current. 
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VII. DISCUSSION 

The final expression of the quantitative margin analysis, (35), differs 
from the qualitative result obtained in Section III, (9), in the right- 
hand side only. While in the qualitative expression the right-hand side 
is the sum of fan-in plus fan-out (n) ; in the quantitative expression the 
right-hand side is a function of n and these additional variables: the 
relative variation in the conductances of the coupling resistors p, (21); 
the relative variation in the voltage for the current peak <r, (22); and 
the minimum ratio of valley voltage to peak voltage v, (33). 

On account of the similarity in the results it is convenient to introduce 
a generalized n defined as 

. _ [n + (n - l)p]y - (a + 2) (m) 

71 y - [n + (n _ l) p ](<r+l) + T 

Even for a and p equal to zero the generalized n becomes infinite for 

n = y + 1. (37) 

An infinite n implies zero margins for all variables and zero overdrive. 
Thus the result of Section IV is recovered. 

In considering the effects of finite margins, specific assumptions as to 
the relative magnitude of the margins on the various variables must be 
made. For the primary variables in the left-hand side of (9) or (35), the 
maximum ratio v of valley current to peak current is assumed as 0.1, 
since this corresponds to a good ratio achievable in germanium units. 
The relative overdrive 8 will be expressed in terms of the switching speed 
using the calculated relation obtained in Section V. The result is shown 
in Fig. 8, which gives the switching time t„ in terms of the characteristic 
time to = | R~ | C as a function of the relative overdrive 8. 

The other quantities of the left-hand side will be treated as inde- 
pendent variables. To keep the discussion fairly general, we assume that 
all significant parameters are kept within the same relative variation. 

In general, the bias current will be determined by a voltage and a 
resistor. Thus the spread in bias current is the result of an uncertainty 
in a voltage and in a resistor. In worst-case analysis the two margins 
have to be added. Assuming the two margins to be equal and introduc- 
ing a relative maximum variation, x, from the center value, one can 
express as : 

= Ax. (38) 

In the analysis, no mention has been made of noise; in particular, the 
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possibility of undesirable crosscoupling between stages. Such "noise" 
most conveniently can be expressed in an equivalent relative variation 
of the peak currents. The parameter t accordingly contains noise as a 
second variable besides the actual variation in peak currents. Equating 
these variations to the variations in the bias current results in : 



= 4.T. 



(39) 



Fig. 13 shows a plot of (9) with and r expressed by (38) and (39) re- 
spectively and with v = 0.1. It can be seen from the figure that even for 
small logical gain fairly tight margins are required. It also becomes 
apparent that switching speeds below 10 r are impractical. 

To evaluate the importance of the margins of the additional variables, 
which enter in ?T, the relation (36) between actual n and generalized n 
has to be evaluated. Fig. 14, as an example, shows this relation for an 
actual n = 3, which corresponds to the minimum sum of fan-in plus 
fan-out required in a logical network. It can be seen that with an in- 
creasing ratio of valley voltage to peak voltage (y) the limiting value of 
n = n -\- (n — l)p is rapidly approached. It also becomes apparent that, 
for sufficiently large values of the valley voltage, the spread in peak 
voltage and in the values of the coupling resistors are only of minor 
importance. 

Since for good germanium Esaki diodes y ^ 8 for v ^ 0.1, these 
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Fig. 13 — Permissible variations from nominal value of the important parame- 
ter as a function of generalized n. 



MARGINS FOR ESAKI DIODE-RESISTOR OR GATE 



231 



10 






I 
























9 






\ 










n = 3 












8 






V 
























/ 






\ 






















b 

n 










\o\o, 

NVV 


















b 


























































^^^ 














3 






























2 






























1 



























2 


3 U 



1 2 3 

y 

Fig- 14 — Generalized n as a function of y = V v /Vl . 

values have been assumed in the construction of Fig. 15, which shows 
the dependence of the sum of fan-in plus fan-out (n) on the percentage 
variations x from the correct value of the bias voltage, the bias resistor 
and the peak current, and a noise equivalent current expressed as a 
percentage of peak current. Because the effects of the coupling resistors 
and the peak voltage are relatively small, a fixed relative variation of 
±2.5 per cent has been assumed for these quantities. 



VIII. CONCLUSIONS 

An Esaki diode resistor logic with three-phase power supply shows 
several basic limitations even if it only involves or gates. 

The possibility of backswitching limits the design of logical networks, 
requiring the incorporation of "booster" stages in which a device with 
one output drives a device with one input. 

Switching times shorter than 10 | R~ \ C are not practical; however, 
(his is not a very severe limitation. 

The finite ratio of the voltage for the current minimum to the voltage 
for the current maximum limits the logical gain even for the case of zero 
margins. 

From Fig. 15 it is apparent that, even for a sum of fan-in plus fan-out 
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Fig. 15 — Permissible variations from nominal value of the important parame- 
ter as a function of fan-in plus fan-out for a specific example. 

(n) equal to 3, worst-case margins of less than ±2.5 per cent are required. 
For an and gate, a two-sided limit on the trigger current is required, 
making the margins even tighter. It thus appears questionable that an 
Esaki diode resistor logic with n ^ 3 is practical, if operation under 
worst-case conditions is to be guaranteed. 

Only for n = 2 do the margins appear tolerable under worst-case 
conditions. However, such a value of n does not permit the construction 
of a complete logic network, and implies a restriction to applications such 
as memories, flip-flops, shift register and the like. 
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